Figure 1. (a) Input spectrum for the aggregate 1.28Tb/s data stream, composed of 32 40Gb/s wavelength channels propagating through a 5cm Si photonic wire; (b) input (top) and output (bottom) eye diagrams for channels (from left to right) C23, C28, C46, and C51 with 10ps/div.
to further enhancement of the effective optical nonlinearity. This enhancement results in a relatively low optical power or threshold for achieving strong nonlinear optical effects.
In addition, because of the submicron dimensions of Si photonic wires, their dispersion properties are markedly different from those of standard optical fibers or even of silicon waveguides that have a few microns in cross-sectional dimension. In particular, due to their ultrasmall dimensions, their dispersion is controlled by the exact geometry of their cross-sectional area. This property leads to the possibility of tailoring their basic dispersion characteristics by techniques such as the groupvelocity dispersion (see Figure 2 ). 2, 3 This ability to engineer the optical dispersion is important for the control of Si nonlinear optical functionalities because it affects signal interaction time and phase matching. Our team's research on nonlinear propagation in Si wires has explored and demonstrated the basic scaling physics of ultrafast pulses in Si wire links. We have developed a complete theoretical model for nonlinear pulse propagation in Si wires, including the effects of optically generated free carriers and the effects of crystalline anisotropy. In this model, we have used a rigorous approach based on a system of nonlinear coupled equations describing the pump and probe field envelopes and the carrier density to interpret accurately the various nonlinear processes.
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In addition to our rigorous theoretical model, we have thoroughly investigated these effects experimentally. Thus we have observed self-phase modulation, cross-phase modulation, and supercontinuum in Si wires by comparing results from long pulse and short pulse sources. 4 In our experiments, the interaction length between the pump and the probe pulses is less than the waveguide length. Furthermore, the use of ultra-shortpulse lasers of duration ∼200fs allows us to investigate an interesting regime where the nonlinear and various dispersion lengths are all comparable. Such a system yields complex but rich information on pulse propagation and pulse distortion in Si wires.
Our experimental observations agree well with theory and show clearly that SPWs have the potential to form a fiber-ona-chip system allowing for nonlinear optical control of on-chip functions or integrated photonic circuits. In fact, we have recently carried out basic systems link performance measurements of multiwavelength data streams transmitted onto a single Si link, as is shown in Figure 1 .
